Fumonisins, a class of mycotoxins produced by Fusarium moniliforme 1, 2 were present at toxic levels in samples of 1991 corn from some parts of Indiana. Consequently, the Animal Disease Diagnostic Laboratory (ADDL) at Purdue University did extensive testing for fumonisins B 1 and B 2 from September 1991 through March 1992. During this time, 5 cases of equine leucoencephalomalacia (ELEM) were diagnosed at necropsy at the ADDL and over 30 cases were diagnosed by veterinary practitioners in the state. Recent studies have shown that toxic levels of fumonisins are responsible for ELEM in equines 4, 5 and pulmonary edema in swine. 3 Corn and feed samples that were suspected of being contaminated were tested for the presence of fumonisins.
solutions. Solution A was acetonitrile : 0.1 M sodium phosphate buffer (40:60), and solution B was acetonitrile: buffer (60:40). The column used was a 5-µm C 18 column, 15 cm x 4.5 mm. The gradient delivery started at 100% solution A and progressed linearly to 100% B over 5 minutes, remaining at 100% solution B for 7 minutes. The flow rate was 1.5 ml/minute for the entire 12 minutes. The fumonisins were detected with a Shimadzu RF 535 variable wavelength fluorescence detector, 6 using an excitation wavelength of 335 nm and an emission wavelength of 440 nm.
The method was adapted from a previously described procedure. 6 Ten grams of ground corn or feed were extracted with 50 ml of acetonitrile: water (50:50). A 2-ml aliquot of the filtered extract was diluted to 8 ml with water. A Waters Cl 8 cartridge a was rinsed with 2 ml of acetonitrile and then 2 ml of water. The 8-ml sample was pushed through the cartridge with a syringe, and the eluate was discarded. The cartridge was then washed with water. The fumonisins were eluted off the cartridge with 2 ml of acetonitrile : water (70: 30), and the eluate was saved for analysis.
One hundred microliters of eluate were mixed with 100 µ1 of borate buffer (0.1 M, pH 8-9). Then 100 µ1 of o-phthaldehyde solution (0.1 mg/ml in acetonitrile with 5% betamercaptoethanol) were added and allowed to react for 10 minutes. Two hundred microliters of 0.01 M boric acid were then added, and the sample was injected into the high-pressure liquid chromatography (HPLC). HPLC conditions consisted of a gradient solvent system using 2 mobile phase The toxicology laboratory at the ADDL analyzed a total of 291 corn or feed samples for the presence of fumonisins. Of the 291 samples, 113 were from the 1991 preharvest corn ear rot/mycotoxin survey conducted by the Botany and Plant Pathology Department. The samples obtained were not ran-The chromatogram (Fig. 1) shows the retention times of fumonisins B 1 and B 2 . The amount of fumonisin B 2 was dom samples but were suspected of being contaminated for consistently 30-50% of fumonisin B 1 . some reason. Approximately 13% (13.4%) of the samples were negative for fumonisins (<0.1 ppm for corn, < 0.5 ppm for feeds) ( Table 1 ). About two thirds (67%) of the samples contained < 5 ppm (considered safe to feed horses). Almost 84% (83.5%) contained < 10 ppm (considered safe to feed pigs), and 16.5% of the samples contained > 10 ppm.
Samples that had various amounts of Fusarium moniliforme infection were sent to the ADDL for fumonisin testing by the Botany and Plant Pathology Department. Once the plant pathologists received the fumonisin data, they compared it with their Fusarium data and found a poor corre- Table 2 . Fumonisin distribution in one corn sample. lation between the severity of infection and the amount of fumonisin present (Fig. 2) .
In the past, corn screenings have been associated with toxicosis in horses. For this reason, we separated a corn sample known to contain fumonisins into 3 different size fractions and tested each for fumonisins B 1 and B 2 . The largest fraction contained particles > 6.35 mm and consisted mostly of whole kernels of corn. It represented 84% of the sample by weight and contained 29 ppm fumonisin ( Table  2 ). The middle-sized fraction contained particles between 6.35 mm and 4 mm and represented 13.5% of the sample. The smallest fraction contained particles <4 mm and represented 2.5% of the sample. The results of the small and middle-sized fractions were almost the same: approximately 70 ppm, over twice the amount in the whole-kernel sample. Thus, corn screenings are a much higher risk for potential fumonisin toxicosis. The large particles still contained 68% of the total fumonisin, and thus removing the smaller particles did not decrease the fumonisin level enough to permit safe feeding of the corn to sensitive livestock.
Several horses that were diagnosed with ELEM were submitted to the ADDL for necropsy. Typically, the brains of these animals looked normal when examined intact. When incised, large areas of yellowish necrotic tissue could be seen, and there was often swelling of the brain in the necrotic area. Over 30 horses died in Indiana in 1991-1992 due to fumonisin toxicosis.
Fumonisin contamination of the 1991 Indiana corn crop was highly variable and unpredictable. Visual evaluation of samples could not be used to determine the risk of fumonisin contamination because there was poor correlation between the degree of fungal infection and the amount of fumonisin present. Spore counts would also be of little value in estimating risks due to fumonisin because fumonisin is a secondary metabolite of the fungus and therefore is not always produced. As yet, the conditions responsible for the variability in the amount of fumonisin produced are unknown. The only way to reliably determine the risk of fumonisin contamination is to take a representative sample and have it tested for fumonisin.
Sources and manufacturers
a. Millipore Corp., Milford, MA. b. Shimadzu Scientific Instruments, Columbia, MD.
